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STATUS OF CLAIMS 

Claims 1-16;, 29-31, 33-44, 46, 50, 52 and 53 are presently petwiingj claims 

17, 24-28, 32, 45, 47-49 anil 51 having been cancelled without prejudice or disclaimer. 
Claims 24-28 have been cancelled as they are drawn to a non-elected invention* 
Remaining claim cancellations, as well as claim amendments, are made as a result of the 
incorporation of the subject matter of claims 17 and 45 into claim 1* No new issues are 
raised by the amendment. 

REMAltKS 

Qaims 1-23 and 29-53 are rejected under 35 U-S.C. 103(a) as obvious over Song 
et al. in view of Hedley et al. and Fattal et al Applicants respectfully traverse this 
Tcgection and its supporting remarks. 

In order to establish a prima fatie case of obvioiasness under 35 tF.S.C, 103, (a) 
tbere must be some suggestion or motivation to modify/combine the references of record, 
and (b) there must be a reasonable expectation of success. See MPEP §2143. The 
teaching ox suggestion to make the claimed combination and the reasonable expectation 
of success must both be found in the prior art, not in applicant's disclosxirc. Id. The 
mere fact that references can be combined or modified does not render the resultant 
combination obvious imless the prior art also suggests the desirability of the combitiation 
or modification, MPEP 2143,01 (emphasis added) (citing In re Milts, 916 F.2d 680, 16 
USPQ2d 1430 (Fed. Cin 1990)), 

Claim 1 , the only independent claim presently pending, reads as follows: 

1 . A method of transfecting dendritic cells comprising: 
providing dendritic cells; 

providing a transfection agent comprising polynucleotide adsorbed 
on surfaces of microparticles, said transfection agent behig formed by a 
process that comprises: (a) providing microparticles comprising a 
biodegradable polymer and a cationic detergent, and (b) exposing said 
microparticles to said polynucleotide, said polynucleotide encoding an 
atitigen associated with a virus, a bacterium, a parasite, a fimgus or a 
tumor; and 

incubating the dendritic cells and the transfection agent ex vivo for 
a time sufficient to transfect the dendritic cells with the polj^ucleotide, 
thereby leading to the expression of said antigen. 
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Claim 1 is unobvious over Song ct al, in view of Hedley al. and Fattal et aL 

As previously noted. Song et al. proposes several gene delivery techniques. 
According to Song et al., direct injection of recombinant retroviruses is preferred. See, 
e.g.* Song et al., page 27, lines 25-27. Moreover, among the non- viral techniques taught 
by Song et al, none spears to u$e a transfection agent comprising a polynucleotide and 
mictoparticles as claimed. 

Recognizing this, the Office contends that Hedley et al, supplements Song et al. 
by teaching the use of microspheres comprising biodegradable polymers and DNA 
plasraids to introduce and express antigens encoded by the plasmids *'in antigen 
presenting cells such as mao-ophages and dendritic cells.'* The Office furflier contends 
that Hedley et al. provides motivation to introduce plasmid DNA encoding an antigen to 
''dendritic cells and macrophages"^ by teaching that DNA combined with biodegradable 
micropaxticles is efficiently phagocytosed by APC?. 

However, such motivation exists only with the benefit of the hindsijght afforded 
by the present application. 

Fir$t of ail, it is respectfully submitted that one of ordinary skill in the art would 
not have been motivated to turn from the techniques of Song to microparticle techniques 
such as those taught by Hedley et al., particularly in view of Song's preference for 
recombinant retroviral techniques, and in view of the notorious resistance of dendritic 
cells to transfection using ex vivo nonviral techniques (discussed further below). 

Moreover, dendritic cells are mentioned only a single time in all of Hedley et al, 

where it is observed in passing that, were the microparticles of Hedley et aL to be 

delivered intradermally, the microparticies would be introduced to dendritic cells that are 

inherently present in the skin— hardly motivation for transfecting dendritic cells ex vivo as 

claimed in claim 1. See^ Hedley et al., col. 8, lines 20-34; 

The microparticles can be delivered directly into the bloodstream (i.e., by 
intravenous or intraarterial injection or infhsion) if uptake by the phagocytic cells 
of the reticuloendothelial system (RES) is desired. Alternatively, one can target, 
via subcutaneous ixyection, take-up by the phagocytic cells of the draining lymph 
nodes. The microparticles can also be introduced intradermally (i.e,, to the APCs 
of the skin, such aus dendritic celts acid Langcrhans cells). Another useful route of 
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delivery (particularly for DNAs encoding tolerance-inducing polypeptides) is via 
the gastrointestinal tract, e.g., orally. Finally, the micropajfticles can be introduced 
into the Imig (e.g., by inhalation of powdered micropajttioles or of a nebulize or 
aero$olized solution containing the microparticles), where the particles are picked 
up by the alveolar macrophages. 

Elsewhere^ including the procedure set forth in Example 2, Hedley et al, is 
concerned with the phagocytosis and expression of DNA by macrophages. In this 
regard^ the OfJice appears to be imder the mistaken impression that successful in vitro 
phagocytosis and expression within macrophages would provide a xeasoftable expectation 
of success within dendritic cells. This, however, is not the case. As previously noted, 
dendritic cells are notoriously resistant to transfection using ex vivo nonviral techniques. 
See, e.g., the present specification at page 6, lines 6-10, See also the Abstract [copy 
attached] of Dcnis-Mize K.S.> et aL, Gene Ther 2000 Dec;7(24):2105'12, which notes 
that "DC [dendritic cells] are not readily transfected in vitro by traditional nonviral 
techniques," See fiirther Lnndquist et al. [copy attached] Journal of Immunotherapy, 
25(6);44S-454, 2002^ which confirms that dendritic cells are difficult to transfect using 
non-viral methods. Note that attempts witti cationic lipids and gold beads* even where 
1/mi in size, were not successful. 

In addition, from a therapeutic standpoint. Hedley et al. as a whole is clearly 
directed to in vivo treatment techniques. Example 2 of Hedley et al. does describe an in 
vitro procedurOt but this is commonly the case with patents that are directed to in vivo 
therapies and therefore would not have necessarily motivated one of ordinary skill in the 
art to pursue an ex vzvo therapeutic strategy, 

Furthermore, and m contrast to claim I , Hedley et al. does not teach or suggest a 
transfection agent comprising polynucleotide adsorbed on surfaces of microparticles^ 
which is formed by a process that comprises exposing previously formed microparticles 
to the polynucleotide. Rather Hedley encapsulates the polynucleotide within the 
polymOTC matrix of the micxoparticle. See, e-g,, Hedley Abstract, col. 9> lines 2-4 
(**microparticles can be prepared which carry . . . DNA . . . v^ithin each microparticle")* 
col. 13, lities 64-66 C^the protem or peptide encoded by the nucleic acid contained wUhin 
the microparticle'')? Table 5 C*[p]hagocytosis of encapsulated D1>1 A leads to expression of 



10 



8£:ST £002 6 ^^o 



[mi m %vm imm le < m sis 806 > won mm 

SerialNo: 09/715,902 
Docket No, PFO1627,003 



a luciferase reporter gene coastrucf 0 and Table 6 ("[e]xpression of encapsulated 
luciferase DNA in murine muscles"), (Emphasis a4ded.) 

Fattal et al. does not make up for flie above-noted deficiencies in the combination 
of Song with Hedlcy ot al The Office Action maintains that one of ordinary skill in &e 
art upon reading Pattal et al. would include a catioiuc detergent such CTAB in the 
microparticles of Hedley et al, in order to increase the amount of polynucleotide 
associated with the polymer particles and increase the uptake of the nucleic acid by 
phagocytosis. However, as above* this is true only with resort to the hindsight afforded 
by the present application. 

First, Fattal et al, and Hedley et al. are directed to entirely dififerent ways of 
introducing polynucleotide into cells. While Fattal et al. associates anti$ense 
oligonucleotide with the surfaces of previously formed polymer particle$, Hedley et al., 
on the other hand, encapsulates polynucleotide within the microparticles. Hence, 
contrary to the Office Action, one of ordinary skill in the art would not be motivated to 
modify the microparticles of Hedley et al. by the addition of the cationic detergent from 
Fattal et al. to increase the association of the polynucleotide with the microparticles, 
because there is no teaching or suggestion that Hedley et al,, with its contrary strategy of 
encapsulating polynucleotide, would benefit from the use of a cationic detergent. 

In fact, one of ordinary skill in the art would have foimd various reasons to avoid 
the use of a cationic detergent* For example, detergents are typically added to stabilize 
emulsions that are conunonly used to prepare microparticles and to impart desirable 
physical properties to the finished microparticle powder preparation, for example, the 
ability to flow freely. Nonionic detergents, in particular, polyvinyl alcohol are commonly 
used for this purpose (see, e,g., Example 1 of Hedley et al,)» Charged detergents, on the 
other hand, are less desirable, because they impart undesirable properties such as 
stickiness to the resulting microparticles. For this reason, one of ordinary skill in the art 
would have been motivated to avoid the use of cationic detergents such as CTAB, 

The motivation to avoid cationic detergents would have been reinforced hy the 
fact that nonionic detergents, such as polyvinyl alcohol, are generally known to have 
reduced toxicity as compared to catiomc detergents^ such as CTAB. 
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Furthetmore. Fattal ct al., which is directed to the ddivciy of antisense 
oUgonuclcotides, does not teach or suggest the delivery of a polynucleotide that encodes 
and expresses an antigen associated with a virus, a baeterix«n, a parasite, a fungus or a 
tumor as presently claimed in claim 1. 

Indeed, it is not at all obvious that a preparation that delivers adsorbed antisensc 
oligonucleotides for the puipose of binding to and inactivatmg messenger RNA (e.g., in 
H*e treatment of liver diseases-see Fattal et al. Abstract) would also be effective at ' 
deUvering adsorbed DNA for the purpose of transcription and ti^lation. In this t^g^ 
it is noted that antisense oligomicieotides are generally prepared with backbones other 
than deoxyribonucleic acid in order to prevent degradation by endonucleases within the 
target cell. Many practitioners, for instance, use phosphorothioate linkages rather than 
the phosphodiester linkages found in native DNA. However to establish transfection it is 
essential that the unmodified deoxyribonucleic acid backbone be used. 

In addition, as with Hedley et al. above, the asserted success of Fattal et al. in 
connection with the delivery of antisense ohgonucleotides to U937 cells (conunonly 
referred to in the art as "monocyte-like" or «macrophage-Kke" cells) would not lead to a 
reasonable expectation that dendritic cells can be successfully transfected with DNA, 
because, a« noted above, dendritic cells are notoriously difficult to transfection using non- 
viral methods. 

Finally, in claim 1 as presently presented, the transfection agent is formed by a 
process that comprises: (a) providing microparticles comprising a biodegradable polymer 
and a cationic detergent, and (b) exposing the mici^particles to a polynucleotide. Neither 
Song nor Hedley et al. nor Fattal et al. teaches or suggests such a process. (Note (hat 
Fattal et al. teaches admixing oligonucelotides with detergent prior to exposure to 
nanoparticles.) 

For at least the above reasons, it is respectfully submitted that aprimafapw case 
of obviousness has not been established with respect to ±e presently pending claim I. 
Claims 2-16. 18-23, 29-31, 33-44, 46. 50, 52 and 53 depend fiom claim 1 and are 
therefore patentable for at least the same reasons a$ is claim 1. Claims 17, 24-28, 32. 45, 
47-49 and 51 have been deleted. 
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29-53 under 35 U.S.C. § 103(a) are therefore respect&IIy requested. 

CONcrTT-smv 

An pending claims are in conditicn for allowance, notification of which is 

^ ^ ^pp^^-^'^ at 

433-0510 to resolve any outstanding issues in this case. 

CORRESPn rvBENCF. 

Please continue to direct all correspondence to; 
Chiron Coiporation 
Intellectual Property-R440 
P.O. Box 8097 
Emeryville, CA 94662-8097. 

Respectfiilly submitted. 



Mayer Fortkort & Williams, PC 
251 NorOi Avenue West, 2"^ Floor 
Westfield,NJ 07090 
Tel.: 703-433-0510 
Pax; 703-433-2362 



David B. Bonham 
Registration No. 34,297 



I hereby certify that this correspondence is being 
s^t to the United States Patent and Trademark 
Facsimile to; 703-872-9307 on 



(Printed Nj 



_David B. RnnH^rn^ 



(Signature) 
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□ 1: Gene Ther. 2000 Dec;7(' 24):2105-12, Related Articles, Links 

Plasmid DNA adsorbed onto cationic microparticles mediates target gene 
expression and antigen presentation by dendritic cell$. 

Deais-Mize KS, Dapais MacKicIian ML, Singh M^Doe B, O'Hagan D, Ulmer JB, 
DonneUy JJ, McDonald DM, Ott 

Department of Anatomy, and Cardiovascular Research Institute, University of California San 
Francisco, San Francisco, CA, USA, 

Dendritic cells (DC) play a key role in antigen presentation and activation of specific immunity. 
Much current research focuses on harnessing the potency of DC for vaccines, gene therapy, and 
ca]rtc<iT iommnotherapy applications. However, DC are uvt readily transfected in vitro by 
traditional nonvkal techniques. A novel DNA vaccine formulation was used to determine if DC 
are transfected in vitro. The formulation consists of plasmid DNA adsorbed on to cationic 
microparticles composed of the biodegradable polymer polylactide-co-glycolide (PLG) and the 
cationic surfactant, cetyltrimethylaromonium bromide (CTAB), Using preparations of jfluoresccnt- 
labeled plasmid DNA formulated on PLG-CTAB microparticles to study internalization by 
macrophages and dendritic cells in vitro and in vivo, we found that most, but not all, of the 
fluorescence was concentrated in endosomal compartments. Furthermore, uptake of plasmid DNA 
encoding HIV p5S gag adsorbed to PLG-CTAB microparticles by murine bone maixow-derived 
dendritic cells resulted in target gene expression, as detected by RT-PCR* The antigen was 
subsequently processed and presented^ resulting in stimulation of an H-2kd"restricted, gag-specific 
T cell hybridoma. Activation of the hybridoma^ detected by lL-2 production, was dose-dependent 
in the raiige of 0.1-20 microg DNA (10-2000 microg PLG) and was sustained up to 5 days after 
transfection. Thus, adsorption of plasmid DNA on PLG-CTAB microparticles provides a 
potentially useful nonvural approach for in vitro transfectioii of dendritic cells. Gene Therapy 
(2000)7,2105-2112. 

PMID: 1 1223992 [PubMed - indexed for MEDLINE] 
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Nonviral and Viral Gene Transfer Into Different Subsets of 
Human Dendritic CeUs Yield Comparable Efficiency 

of Transfection 



*And„:asLundqvist, *GabHde Noffz, *Maxi™ Pavlenko, tS,.i„ S.b0e.L.x.sen, timothy Fong 

§NQrBian Majtland, and *Pavel Rsa 



prowin fcveJ, without affiwdng the «ll WabflftT^^, a*^*^ - « 
this method is comparable vlth d^4a3S% J?^;^ Wecon efr«sJency of 

s^^ttfcT^r^" wh^^^^« s^^"^- - ^^-x^^j! 

Dendnhc celU-ElectropoiauoB-Gene trtnsfer-TVansfeStion effici^ncr 



Dendritic cells (DC) aie the most potent antigen- 
ptesenting cells (APC) a«id have unique capabiUly of 
ac&vating CD4* and aaive T lymphocytes, lea^JIng 
to the indqction of primaiy immune ittsponse (I^). 
APC. such as, B cells and «iaci»phages. are Q'picaUy 
inc^aWe of inducing primaiy responses. DC drarivc their 
sumulMoiy potency from high-constitutive and upregu- 



f'^mwy 4, 2002; aeoeptedMy 1. 2002. 
AjklKSSS conttqwadeiice and ic|sriiK iiqueus vt P. Pisa. Cmcer Ca^. 

17177, Stoclcholm, Sweden; E-mail: pftvcl.pi5^®cck.]d.?e. 



lat^ expression of iDajor histocompatability complex 
(MHC) class I, MHC class II, acctf^ory moleaUes, 
such as, CD40, CD54, CDSO. CD«6, and T-ceJl activate 
ing cytokittes, all direcUy ot indirectly involved la the 
antigen presentation and by pnaviding the esseotiaJ sec- 
ondary sjgnals for the initiation of the priihaiy iitmiunfi 
response (5). These unique characteristics combined with 
developments of in vitro methods for ^ener^on of large 
numbers of DC from CD34^ hematopoietic stem cells or 
penpherai blood monqnuclear cells (PBMC) make DC a 
suitable candidate for immunotherapy against infectious 
and malignant diseases (6-9). 
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Results obtained in animal studies and cUnical trials 
confinn that DC are capable of inducing an antigen- 
specific cytotoxic T lymphocyte (CTL) response, i^ult- 
ing in strong immunity to viruses and tumots and, in 
some instances, legnession of established tumors (10- 
14). These studies include injections of tumor antigen 
protein or peptides either alone or in combination with 
various adjuvants, genetically modified tumor cells, pias- 
mid DMA encoding tumor antigens, and DC manipulated 
to present specific tumor antigens (12, 15-2 J>. It has re- 
cently been shown that DC can be efficiently transfected 
using square-wave electroporadon and in vitro synthe- 
sized mRNA and that such DC are capable of inducing 
CTL responses in vitro (22>. Among these dlftbx^nt im- 
munotherapeutic strategies^ we focus on approaches us- 
ing DC genetically engineered to express an entire anti- 
gen. 

Expression of genes in DC provides important advan- 
tages over peptides: (i) their application docs not require 
prior knowledge of patient HLA haplotype or specific 
T-cell epitopes; (ii) the expression of the raitire antigen 
witijin the APC that allows for the concuirent processing 
and presentation of multiple but undefined tumor anti- 
gens of clinical importance; and (iii) antigen expression 
from a transgene can extend die duration of antigen pre- 
sentation. Furtiieraiore, the transfer of the antigen from 
nimor cells to DC is implicated as one of the limiting 
factors of tumor-specific CTL induction in vivo, and di- 
rect loading of DC witii die relevant antigen is an effec- 
tive method to bypass this process. VariabiUty in antigen 
loading, route of vaccination or origm of DC makes it 
difficult to compare immunologic and clinical results. 
Considering that only a fraction of the studied patients 
have tumor regression suggests tiiat further improvement 
is required. 

in the current study, we compared tiic transfection 
efficacy using viral and nonviral delivery metiiods of 
monocyte- and CD34*-derivcd DC. These two different 
types of DC have been used in immunization trials and 
are characterized by their potent capacity to stimulate 
alloreactive T cells, but it is not yet clear which type of 
DC is more suitable for efficient gene transfer. Several 
recent studies have described a variety of nonviral trans- 
fer mediods among which especially mRNA and elec- 
troporation resulted in superior gene transfer. Neverthe- 
less, die general belief persists tiiat viral vectors are die 
method of choice to transduce human DC. For the firet 
time, our results demonstrate that mRNA and square- 
wave clectroporation yields a comparable level of trans- 
fection efficiency as when using vims-mediated transfer 
without affecting cell viability. 

J Immunol, VoL 25, No. 6, 2002 



MATERIALS AND METHODS 
Patients and Healthy Donors 

All patient and volunteer blood samples were acquired 
after mformed consent according to tiic guidelines of the 
Institutional Review^ boaid (IRB) and the Helsinki pro- 
tocol. ^ 

PreparaUon of Dendritic CeHs 

Monocytes and CD34* progenitor cells wei^ isolated 
from the same patients by leukaphei^sis, CD34'** cells 

were kol^ted by positive selection using the Isolex bead 
separation technique (generous gift from Nexell Thera- 
peutics Inc., Irvine, CA. US.A.) fix>m patients treated 
with 5^10 M-gAkg G-CSF (Neupogen; Amgen, Stock- 
holm, Sweden), administered subcutaneously for 5 days 
The purity of CD34+ cells ranged from 75% to 95%! 
Selected cells were frozen in liquid nitrogen in 90% au- 
tologous or blood group compatible plasma widi 10% 
DMSO (10 X 10* cells/mL). Purified cells were culnired 
m X-vivol5 (Biowhittaker, Rockland, ME, U.S.A.) in 
presence of 50 ng/mL GM-CSF (Leucomax; Schering- 
Plough, Kennilworth. NJ, U.S.A.) and 10 ng/mL tumor 
necrosis factor (TNF)'Ot (Chiron Corporation, Emmery- 
viUe, CA, U,S.A.). Where indicated, LPS (Sigma, St 
Louis, MO, U,S.A.} was added to push cells to terminai 
differentiation on day 7 at a concentration of 100 ng/mL. 
CeUs were vigorously washed on day 8 before use in 
functional studies. Monocytes were enriched by negative 
depletion using immunomagnetic selection (monocyte 
isolation kit; Miltenyi Biotech, Bergisch Gladbach, Ger- 
many) according to the manufacturer's mstructions. 

Alternatively, leukapherescd blood from patients or 
PBMC from healthy donors were isolated by plastic ad- 
herence. Monocytes were cultured in X-vivol5 (Bio- 
whittaker) medium supplemented witix 50 ng/mL GM- 
CSF and 40 ng/mL IL-4 (Schering-Plough) for 8 days. 
Medium was changed every 2-3 days. To isolate mature 
DC, 50 ng/mL TNF-a was added 24 hours before har- 
vesting the ceUs. 

Antibodies and Flow Cytometry 

Hie generated DC were characterized by flow cytom- 
etry using a FACScan or FACSCalibur cytometer (Bec- 
ton Dickinson, San Josd, CA, U.S.A.) on day 8. The 
following panel of mAbs was used: Fluorescein (FTTC)- 
conjugated anti-CDS, anti-HLA-DR, anti-CD80, and 
anti-CD la; Phycociytiirin (PE)-conjugated anti-CD86, 
anti-HLA-ABC. anti-CD56, and anti-CD19 (PharMin^ 
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gen. Hamburg, Germany); PC5-conJugated anti-CD14 
and PE-conjugated anti^CD83 {Coulter Immunotech. 
Maraeaic, France}. AU antibodies were used with appro- 
priate isotypc controls. 

Expression of p-galactosidase in tfansfectants was 
characterized by flow cytometry using a FIuoReporter 
la^Z How Cytometry Kit (Molecular Probes. Leiden, 
The Netherlands) according to. the manufacturer's in^ 
strut^ons. Expression of the GFP transgene was charac- 
terized by flow cytometry using the instrument set for 
fluorescein detection. Alternatively, GFP expression was 
visualized with a Zeiss fluorescent microscope using the 
fluorescein filter set. Viability of the cells was assessed 
by trypan blue exclusion or by pi-opidium ioaide (PI) 
Staining (Molecular Probes). 

Mixed Leukocyte Reaction 

Following the manufacturer's instructions, a Pan T 
Cell Isolation Kit (Miltenyi Biotech) separated the allo- 
geneic T cells. Stimulator cells were irradiated (25 Gy) 
and coculnired with 100,000 T cells. After 5 days, 1 fiCi 
of IP-thynudine was added to each weU and incubated 
for 12r-l(S hours. C:ells were harvested and measured in 
scintillation counter (1450 MicroBeta; Wallac, Turku, 
Finland). Stimulation index (SI) is calculated by CT^M 
values for the net stimulation divided by CPM values for 
responder cells alone, 

Hasmids 

The commercially available piasmids— 
pcDNA3.1/HygroyLac2, designated pcDNA-IacZ and 
pcDNA3.1/Hygro, designated pcDNA3 (Invitrogcn, 
Leek, The Netherlands)— were used for transfection by 
nonviral methods. Furthermore, to produce mRNA with 
polyA tail, plasmid pSP6-IRES-EGFP was constructed 
by inserting EGFP gene from pIRES2-EGFP plasmid 
(Clontech, Palo Alto, CA, U.S,A.) into MCS of the 
pSP64 (polyA) plasmid (Promega. Madison, WI» 
U.S.A.), mRNA was pr^aied by in vitro transcription 
using RiboMax kit (Promega) with 5'methylated cap- 
structure (New England Biolabs, Beverly, MA, U.S^), 
purified using RNeasy purification kit (QIAGEN, Valen- 
cia, CA, U,S.A.) and concentration determined by ab- 
sorption at 260 nm, 

Nonviral Gene Transfer Techniques 

Electroporation 

Electroporation was performed with two different 
square-wave pulse generators, EiecUD Cell Manipulator, 



model ECM830 (Genetronics, San Diego, CA, U $ A ) 
and PA-4000 pulse generator (Cyto Pulse Sciences, Co- 
lumbia, MD, U,S.A.). The electroporation was per- 
formed at 20*C with I x 10« cells resuspended in 200 ixL 
fresh medium and elcctroporated in electroporation 
cuvettes with electrode-gaps of 0.1-0.2 mm at 20^C. 
DNA and mRNA amount ranged between 10-50 jxg. The 
electroporation parameter for both methods was 20-800 
V and 0,25-100 ms pulse length. Viability of cells 
after electroporation was always greater than 80% as 
analyzed by ttypan-blue staining or PI staining. Trans- 
fected cells were analyzed by histochemical staining or 
flow cytometry 12-48 hours after transfection. All non- 
viral transfecdon methods resulted in high percentage 
(> 50%) into cos-7 cells or 293 cells, which served as 
positive control. 

Lipofection 

For lipofection, several different commercially avail- 
able cationic liposomes, including DOTAP and 
DOSPER (Boehringer Mannheim, Mannheim. Ger- 
many), were used according to the manufacturer's pro- 
tocols. Transfections were performed in 6-weli plates 
using 1x10* cells in I mL senim-free OptiMEM (Life 
Technologies). Different amounts of liposomes (3-24 
ftg) and plasmid DNA (1-5 |jig) wet^ used in an attempt 
to determine optimal conditions. Liposomes were diluted 
in 100 P.L GptiMEM mixed with plasmid DNA, also 
dUuted in 100 (iJL OptiMEM. After incubation for 15 
minutes at 20X, the lipid-DNA mixtute was added to the 
cells, mixed gently, and incubated for 6 hours. Thereaf- 
ter, the medium was replaced with fresh culture medium. 
Transfected ceUs were analyzed 12-36 hours after trans- 
fection. 

Particle-Mediated Gene Transfer 

0.5 mg of gold beads (1.0 or 1.6 |xm in diameter) was 
coated with 0.8 jig/shot plasmid DNA by treatment with 
CaClj and spermidine as described by others (23,24). 
After washing of &e DNA-coated beads with cthanol, 
the beads were spread onto macrocarrier discs. On the 
day of transfection. 1 x lO^^ cells were spread in 35-mm 
dishes. Shortly before the bombardment, the medium 
was removed, and DNA-coated beads were dcUvcied 
into cells using a Biolistic PDS^IOOO/He System (Bio^ 
Rad, Hercules, CA, U.S.A.) He«um pulse ranged be- 
tween 650-1100 psi. Twenty-four hours after transfec- 
tion, X-Gal staining detected the transgene. Transfection 
of the "empty'' plasmid without the JacZ gene was used 
as control. Tiypan-blue staining assessed viability. 
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Viruses and Viral Transfer 

Hie adettovirus AdV/GFP used in this study is an 
El/E3-r^Iicatioti-deftcient vector containing the Green 
Fluorescence Protein (GFP) gene under the control of the 
strong cytomegalovirus pramotor. ViraJ seed stocks were 
obtained by propagation in 293 ceUs. Titer of each viral 
stock ranged trom 5 x itf* to 5 x 10^'' pfu/mL, as deter- 
mined by plaque assay on 293 cells. Virus was added to 
the DC at varying MOIs, ranging from 10 to 1000, and 
incubated for 48 hours. Transduced cells were evaluated 
by flow cytometry and fluorescence microscopy. 

A retroviral construct containing the E, colt lacZ gene 
under the LTR promotor control was packaged in three 
pack^ing cell lines of different origins: the amphottopic 
dog cell line (DA), the amphotropic human cell line 




HLA-DR 




HLA-^ABC 




CD86 



(HA), and the xenotropic human cell line (2X) (25). 
These contructs were designated as DA/ggal, HA/pgal, 
and 2X/pgal, respectively. Retroviral transduction was 
perfOTmed using centrifection method (TC Fong, per- 
sonal, communications). Briefly, 2.5 x 10* DC/mL were 
resuspended in X-vivol5 (Biowhittaker) fresh medium 
and seeded in 24-weII plates. Virus-<u3ataimng superna- 
tant were added to each well at a MOI of 5^10 in pres- 
ence of JO jxg/mL dextran sulfate. Cells were incubated 
for 8-16 hours at 37^C followed by centrifugation at 
1000 Tpm for 1 hour at 32**C. Incubation was continued 
at 32*'C for 20 hours* Medium was then aspirated, and 
the same procedure was repeated to achieve higher trans- 
ducdon. Transduction efficiency was evaluated as de- 
scribed beIow» using the LacZ flow cytometry kit (Mo- 
lecular Probes), Transduction of K562 cells was included 




HLA-^DR 



HLA-ABC 




# I? " iitf* 

CD80 



lo" »' 10? r W 
CD86 




'?34*-derived dendritic ce!!& (DC). tamunomagneticaJly pmfiea (A) 0034* «,d CB) monocvtcs wot 
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as positive control in all experiments and ranged between 
95-100%. 

Statistical Analysis 

Student / test was performed. A value of p 0.05 was 
considered significant The Ethics committee of the Ka- 
roiinska Hospital approved the study. 

RESULTS 

CD34'^ cells and monocytes were isolated from four 
differetit pati^ts and further purified by inununomag- 
netic selection or* in some cases, by plastic adherence 
(for motiocytes)< When using immunoniagnetic selection 
method^ the purity of monocytes and 0034"^ cells was 
always greater than 95% and 75%, respectively. The 
non-DC population mainly consisted of CD3"*" cells. 
Monocyte- and CI>34*-derived DC were treated with 
TNF-a and LPS for final maitiration. respectively. Both 
subsets of DC, harvested on day 8 of differentiation, 
displayed a characteristic DC morphology as well as 
high expression of typical DC markers (Fig. 1). Upon 
maturation with TNF-a or LPS, all surface markers, 
apart from GDI a, were upregulated on botii types of DC. 

Gene Transfer Using Nonviral Methods 

Three established notiviral gene transfer methods to 
introduce plasmid DNA or mRNA into DC were evalu- 
ated: square-wave electroporation, lipofection, and par- 
ticle-mediated transfer. 

The electroporation system was a square-wave elec- 
troporator, which, in our hands, is more efficient in trans- 
fecting cells and less dams^ing to tlie cells compared 
with exponential wave electroporation (22). mRNA 
transduction with a construct containing polyA tail re- 
sulted in high percentage of transduced cells of mono- 
cyte- and CD34*-derived DC, 60% and 40%, respec- 
tively, at 800-1000 V and 0,25 ms (Figs. 2A and B). 
GFP expression remained stable for 48 hours after elec- 
troporation. Viability was always greater than 80% for 
both DC subsets. Furthermore, these DC maintained 
their allostimulatory capacity (data not shown). Using 
the same parameters as for DC, undifferentiated mono- 
cytes (day I) could not be transfectcd (data not shown). 
In contrast, the above-mentioned conditions resulted in 
50% transduced 293 cells (data not shown). Electropora- 
tion with DNA resulted in no detectable transgcne ex- 
pression. Furthermore^ the viability dropped dramatically 
after DNA electroporation. 

For liposome-mediated transfer, three different lipo- 
somes were tested: DOSPER, DOTAP, and lipofectin. 



Using mRNA and lipofectin, wc were able to detect 
1-10% positive monocyte-derived DC (Fig. 3C). In con- 
trast, using the above-mentioned conditiotis resulted io 
60% transfected 293 cells (data not shown)* Despite the 
wide range of amount of liposomes (3-24 |jLg) and plas- 
mid DNA (1-5 |Lg), no transduction of DC using DNA 
was detected (data not shown). 

The transaction efficiency of the electroporation and 
lipofection method was compared with particle-mediated 
transfer using the Biolistic system, which is considered a 
powerful method of ddivering DNA into cells, DC of 




PL1-H 




40% 



10* 



10^ 




GFP 

FIG, 2r Nonviral transfedion of mpnocyte- (A) and CD34*-deriv«d 
(B) dendritic cells (DQ. CD34*» and monocyte-derived DC were trans- 
fected on day 7 with 50 n-g of mRNA ^SP$-IRES-EOFP) using elec- 
txoporatioa and analyzed for GFP expieaslDn 24 hoa» after transfection 
by flow cytometry. (C) Upoficctioii of monocyt&-derived DC. Y-axis 
corresponds to mean fluorescence intensity for GFP. Cells analyzed in 
histofiram wet* positive for CD86 and major histocooapatabllicy com- 
plex class L A smaO fraction of non-DC populadon (5%) was not 
included in analysis. Results depict one of three independent expen- 
Tnents. 
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both cwrigins were bombarded on different days during 
differentiation (days 1-7). This yielded between 1-2% 
tran&fected cells on days 5 and 7 using pressures of 650 
and 900 psi {data not shown). Only cells cultured in 
TNF-a containing medium were susceptible to transfec- 
tion. Bombardment of ceils from earlier time points did 
not result in any positive tfansfectants independent of the 
presence of TNF-a. Increasing pressures to 1 100 psi did 
not result in measurable expression atid exceeding 1800 
psi resulted in decreased cell viability (data not shown). 

Oene Transfer Using Viral Methods 

Next, we e?^^mined the tx^n^ucdon efficacy using 
two of die most commonly used viral vectors: retroviral 
and adenoviral based vectors. CD34^-derived DC were 
susceptible to RV transduction by constructs DA/Pgal, 
HA/pgal, and 2X/pgal, 58 ± 4, 27 ± 5, and 23 ± 10%, 
respectively (MOI = 10). Although the CD34^ precur- 
sor cells und^go substantial proliferation and persistent 
maturation during culture, the transduction efficiency re- 
mained unchanged between days 1 through 6 (Fig. 3A). 
Cell proliferation and viability was unaffected by RV 
transduction (data not shown). Monocyte-derived DC 
were not susceptible to RV transductionj wheieas K562 
cell line* whidi served as positive control, was trans- 
fected to 95% under same conditions. 

Monocyte-derived DC were exposed to AdV at MOI 
ranging from 10-1000, which resulted in 7 dt 3% to 65 ± 
5% transduced cells (Fig. 3B)» Additional co-culture 
with AdV for a total of 72 hours resulted in upregulation 
of GFP positive DC to 90 ± 13% without affecting the 
viability (> 95%). In contrast, transduction of CD34'^- 
derivcd DC by AdV at MOI of 1000 yielded transfcction 
efficacy of 22 ± 6% 48 hours after transfection (Fig. 3C). 

While the percentage of transfected monocyte-derived 
DC, using AdV or mRNA electioporation» was compa- 
rable, the level of transgcne expression was different. 
Side-by-side analysis revealed that AdV-transduced 
monocyte-derived DC exhibited significandy higher 



FIG. 3. Viral transduction of mooocyte- and CD34'^-derived den- 
dritic ceils CDQ. (A) Purified CD34* cells were transduced with tiirec 
dififierent RV constructs (2X« DA, and HA) at a MOI of 10 on difTeretit 
days during differentiation {days 1-2, 3-4, and 5-6) using the ccnlri- 
fection mediods with two rounds of transduction. Hxpressiofi of P-^- 
lacto5idasc was measured 74 hcvti after the second round of transduc- 
tion by flow cytometry. Cells positive for ^alactosidase were also 
positive for and major hislDconspatability complex class I. Stan- 
dard deiMon is calculated from fom independent experiments. <B) 
Adenoviral transduction of monocyt&-derived DC at increasing MOI 
aod (C) adenoviral transduction of CD34*-derived DC at a MOI of 
1000. Expression of G£=T? expression was analyzed 24-48 hours after 
transduction by flow cytometry. Results depict one of four independent 
expenments. 
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OFP expression than their niRNA electroporated coua- 
teqjarts (MFI 309 ±120 and 83 ± 31, lespectively) (Fig. 
4). In the case of CD34^-derived DC, which expressed 
lower levels of GFP after AdV transfer (MFI 154 ± 54), 
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FIGi 4. Coin{»aralive analysis of adenovirnl versos mRNA elcctxo- 
poradon. ItrnnBtore den(Mtic oeUs (DC) J&om moaocytes and CD34'*' 
cells vi&c haxv«$ted on day 6 and tmAsduced with AdV-GFP at a MOl 
of 1000 or electioporated with 30-50 of mRNA-GFP. Cells we*^ 
9Siaityzed for GFP expression 24-48 hoar$ after ttansfection. How cy- 
tometric analysis of OFP-transfected DC finora (A) one patient aad fttHn 
(B) thxe« individual experiments. Results are piesent^ as niean iluo* 
Ttscence values OVIFI) with standard deviation. MFI values f<x GjpP 
negative population weie subtracted Monocyte derived DC transduced 
with A4V exhibit significantly Mgbcr GFP intensity a^ compared with 
AdV-transdnccd CD34**^-derivcd DC Cp - 0.04) or mRNA eJectropor- 
atcd monocyte (p = 0.02). 



compared with monocyte-derived DC. no notable differ- 
ence in transgene expression was detected by either 
method. 

) 

Stimulatory Capacity of Transf ected Dendritic Cells 

Monocytes and 0034"* cells were differentiated into 
immature DC and transfected on day 6 with mRNA or by 
virus. Twenty-four hours later, these DC were added to 
allogeneic T cells for assessment of their stimulatory 
capacity: No decrease in DC stimulatory capacity was 
detected after transfection with mRNA electroporation 
(Fig. 5A), In some cases, at high stimulation rado RV 
transduction suppressed the stimulatory capacity of 



CD34*^"denved DC, while monocyte- and to some extent 
CD34''-deriv6d DC transduced with AdV exhibited en- 
hanced stimulatory capacity (Fig. 5B). These results con- 
clude that none of the different methods of gene delivery 
extensively inhibited the DC function. 

We conclude that DNA is not suitable for transduction 
of DC using nonviral methods, while mRNA and square- 
wave electroporation yields reprx)ducibly high levels of 
transduction in both subsets of DC, without disturbing 
the cell viability and retaining the stimulatory capacity. 
However, when comparing the amount of expressed pro- 
tein per cell, AdV-mediated transfer is more efficient in 
monocyte-derived DC than mRNA electroporation* 



30 

iiin 



CD34 



monocyte 



50 - 

iliilll 

I - j RV i AdV - I AdV 
I CD34 j Monocyte 

FIG. 5. StimDlatory capacity of monocyte- and CD34*-derived dea- 
driUc cells CDC), Monocyte- and CD34*-dcrived DC were diffementi- 
ated Into immature DC and transfected on day 6. Twenty-four bouis 
after transfeciion, DC were cocuhared with purified alJogerteic T ccHs 
and uptake of thymidine was noeasured after S days. AUogea»ic T 
cells coculturcd with <A) untransfectcd <-) or mRNA electroporated (+) 
at a tespondenstimulator of 30:1. (B) Untranaduced (') or transduced 
with adeno (AdV) or retrovirus (RV) at a rcsponder stimulator of 75:1 . 
Stimulation index (SI) is calculated by CPM values for the net stimu- 
lation divided by CPM values fo* itsponder cells alone. CPM values 
for stimulated cells ranged between 25001X-10000O, Results represent 
three different expedmcnts. Error bars show standard deviation. 
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DISCUSSION 

We have compared clinically applicable strategies for 
transduction of human DC with regard to method of gene 
delivery, source of IX:, and differentiation stage of cells. 
Contrary to the general view that high transgene expres- 
sion in human DC may be achieved using viral vectors 
only, we demonstrate that sl nonviral gene transfer 
method using square-wave electroporation and mKNA 
with a polyA tail 3rields similar cfRcacy of expression. 
This is the first study showing that nonviral transfection 
of DC derived fix>m different source results in compa- 
rable numbers of transduced DC as when using virus- 
mediated tmnsfer, with adenovirus (AdV)- and retrovirus 
(llV)-based vectors. The amount of expressed protein per 
cell is highec after AdV transduction than after mRNA 
electroporation. This difference is observed in monocyte- 
derivcd DC at high MOI only. Furthermore, by using 
cells from the same patient, we could detect great dif- 
ferences in the susceptibility to AdV-mediated gene 
transf^ between CD34*- and monocyte-deiived DC (22 
± 6% versus 65 ± 13%, respectively). 

Nonviral methods are considered a safer alternative to 
virus-mediated gene transfer and have several important 
advantages for clinical application: (i) only the g^e of 
interest is transcribed without immunologic interference 
from viral proteins; (ii) there is no risk of recombination 
associated with the viral vector; (iii) insertion of foreign 
DNA into the genome is not likely due to the transient 
nature of gene transfer, (iiii) there is no need for cell 
proliferation, as with retfo viral vectors; and (iv), in the 
case of DNA, it can be produced in large quantities and 
is very stable- These properties also make nucleic acids 
cheaper candidates for vaccines in clinical applications. 

Controversy exists concerning DNA transfer into hu- 
man DC (26-29). A recent study comparing the suscep- 
tibility with gene transfer by electroporation of naked 
DNA showed that monocytes differentiated into DC2, 
but not DCl phenotype, were permissive to gene transfer 
(27). This might explain our negative results and those of 
others as well, because, under the generally used culture 
conditions (E--4 and GM-CSF), preferentially type 1 DC 
are generated and characterized as being CDla"*". 

However, square-wave electroporation with mRNA 
containing polyA tail and methylated 5'Cap resulted in 
up to 60% transfection efficiency. As compared with 
other studies that show that DC tiansfected with mElNA 
can stimulate CTL recognizing the encoded tumor anti- 
gens, despite the fact that the transgene expression was 
not detected at protein level (16,29^0), square-wave 
electroporation delivers sufficient amounts of mKNA to 
actually reveal protein expression for a minimum of 48 



hours (22). Nevertheless, in this recent study, viral trans- 
duction might have resulted in superior transfection ef- 
ficiency. Here we show by sidfr-by-side comparison be- 
tween nonviral and viral transfection methods of clitiical 
grade DC from different sources that nonviral methods 
result in similar numbers of transfected cells as viral 
methods. Certain practical issues, such ds, difficulties in 
isolation, capping, and in vitro transcription along with 
ti^e inherent instability of RNA. would support the use of 
DNA over RNA. On the other hand, RNA has a safety 
advantage of not having the intrinsic capacity to integrate 
into the host genome. 

It has been shown that DC transfected with RNA, 
either Isolated from tumor tissue (16,31) or in vitro traa- 
scribed from a single specific gene (22,29,30,32-34), is 
capable of inducing a T-ccll specific response. Either 
strategy has its advantages and llnutations. We believe 
that although the use of a single gene is associated with 
the risk of inducing immunologic tumor-escape variants, 
at this stage of development of cancer vaccines, it is 
important to have an instrument for inomunologic moni- 
toring of the antitumor immune response and to have an 
unlimited source of the tumor antigen. The latter is often 
limiting in case of solid tumors, where large quantities of 
tumor tissue are required for RNA extraction. The batch 
variability of RNA preparations from different tumor 
specimens is a further "unknown," which makes the 
evaluation of immune response problematic. We are 
fully aware of, however, that the clinical future of cancer 
vaccines lies in the combination of multiple tumor anti- 
gens. 

Regarchng viral gene transfer, our results are cotisis- 
tent with previous reports demonstrating that: (i) human 
DC can be successfully transduced by RV or AdV vec- 
tors ex vivo, resulting in 40-90% transgene expression 
(20,35,36); (ii) DC are relatively refractory to adenovi- 
ral-mediated gene transfer at low MOI. but the transduc- 
tion rate increases substantially at MOI of 100-1000 (37, 
38); and (iii) RV vectors transduce proliferating cells, 
such as, CD34-*-dcrivcd DC at low MOI (19,39,40). 

One explanation for the requirement of high MOI for 
efficient AdV transduction is probably an inefficient vi- 
ral attachment to the cell and internalization via the cox- 
sackievirus and adenovirus receptor (CAR) and ceD sur- 
face integrlns, otvpS and avp5 (41-43). Studies have 
shown that monocyte-derived DC have low or absent 
expression of CAR as well as ccv^S m<X av^S integrins 
(42.44). However, MHC class I molecules and aMp2 
integrins can serve as alternative receptors for fiber- 
mediated and pcnton-mediated AdV attachment, respec- 
tively (44), The surprisingly large differences observed 
in the transfection efficiency of CD34'*'- versus mono- 
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cyte-derived DC (22 ± 6% and 65 ± 13%, respectively) 
are probably a result of an insufficient expression of 
CAR on CD34*-derived DC <45). 

Because the need for high MOI of AdV may restrict 
their administration in vivo (46), the alternative of trans- 
duced DC ex vivo may circumvent the limitations of 
administering free virus. Antiviral immunity should not 
be a hindrance, because it has been shown that repeated 
intramuscular administration of AdV is not liimted by 
the presence of neutralizing antibodies in the serum (47). 
Moreover, Chirmule et al, (48) reported that half of pa- 
tients, although having pre-existing immunity to AdV» 
did not generate immunity ajgainst the viral vector/ On 
the contrary, anti-adenoviral immune response might act 
as an adjuvant to pdme onti-transgene immunity, as has 
already been observed for adenoviral protein in the con- 
text of non-DC tai^geted vaccination strategies (49). 

An advantage of RV over the use of AdV is not only 
the lower MOI and lack of antiviral immunity, but also 
their integration into the genome of the host. Therefore, 
RV-transduoed DC may be able to constitutively express 
and process antigen:^ to produce long-term antigen pre- 
sentation. However, long-term expression that is a pre- 
requisite for replacement gene therapy is not crucial for 
cancer vaccination strategies, where even a transient ex- 
pression should be sufficient to prime an immune re- 
sponse. 

Aldiough a comparable numb^ of transfected mono- 
cyte-derived DC is achieved by either method, AdV- 
transduced monocyte-derived DC display a significantly 
higher level of transgcne expression. It was already 
shown that antigen-specific T cells can be generated by 
stimulation with RNA transfected DC, even if the trans- 
gene expression is not detected at the protein level (16» 
26,30). Therefore^ it is not obvious that AdV-transduced 
DC arc better stimulators of an antigen-specific T-cell 
response compared with mRNA electroporated ones, and 
this issue remains to be elucidated. Finthermore, ftfcvi- 
ous reports have demonstrated that transduction, with 
ceit£dn viruses, leads to inhibidon of sdmulation capacity 
or even apoptosis of DC (50-52), We show that there is 
no significant downregulation of the stiroulatoiy capacity 
by the transfected DC with either method. 

In summary, the general belief is that the method of 
choice for transduction of DC is virally mediated gene 
delivery. In the present analysis comparing viral and 
Ronviral methods to deliver genes into human DC, we 
show that mRNA transfection using square-wave elec- 
troporation results in a r^)roducibly comparable high 
percentage of transfected cells as compared with AdV- 
or RV-mediated gene delivery, without the inherent 



safety concerns of viral vectors. This approach warrants 
for new exciting vaccination modalities in the clinic. 
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